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PRIORITIES IN SPECIES PRESERVATION 
William Ramsay* 
INTRODUCTION: SPECIES PRESERVATION INVOLVES COMPLEX DECISIONS 
Current efforts to preserve threatened species involve significant 
expenditures. Many species could be saved even if present preserva-
tion budgets were reduced, but all species could not be saved even 
if budget levels were greatly increased.' Allocation of funds for pres-
ervation programs is a basic problem for the professional conserva-
tionist. The informed public recognizes the pattern of selective elim-
ination of forms of life as a result of the continued expansion of 
human settlement. But the public and a large portion of the scien-
tific community often may not realize the complexity of establishing 
sensible preservation programs under constrained financial and 
management resources. 
Preservation of a species or an ecosystem that contains one or 
more endangered species is a difficult task. Even if accepted meth-
ods of preservation were applied, 2 not all species could be saved 
simultaneously. Therefore, grave problems would still arise in allo-
cating recovery resources among endangered species. Some species 
could be saved at less cost than others. Should species that can be 
• u.s. Nuclear Regulatory Commission, Washington, D.C. 20555; now at Resources for the 
Future, Inc., Washington, D.C. 20036. 
The author gratefully acknowledges the many technical contributions and general advice 
and suggestions of Dr. Marc Imlay of the Office of Endangered Species, Fish and Wildlife 
Service, U.S. Department of the Interior. 
I Preservation costs vary. Species can be transferred to a more favorable location at a cost 
of only several thousand dollars. If large land areas must be dedicated as habitat for a species, 
costs can extend into millions of dollars. The severe pressure exerted upon some species, 
particularly from the encroachment of human settlement, effectively precludes their preser· 
vation, irrespective of the amount of expenditures. See 184 SCIENCE 646-47 (1974). 
2 Species can be preserved by elimination of local predators, provision of new sources of 
food, medical treatment, resettlement, or dedication of habitats. One potential preservation 
method is to prevent man as predator from hunting and taking other species. 
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preserved with less financial expenditure have priority? If a cost-
effectiveness principle is used, the maximum number of species 
possible on a fixed preservation budget would be saved. The ques-
tion suggests a related major dilemma: are all species equally wor-
thy of preservation? Is it preferable to preserve an endangered spec-
ies of cockroach rather than the bald eagle or some other species of 
special symbolic significance? 
The word "species" presents a further problem. Why should a 
particular species of mouse be more important than a subspecies of 
elephant? Perhaps the preservation goal should not be stated in 
terms of single species or subspecies. It might be preferable to pre-
serve "species diversity."3 The species diversity approach raises the 
issue of which mixes of species are preferable. Questions of geo-
graphical scale also arise. Is it more desirable to preserve a complex 
mixture of species within a small geographical area or a simpler 
mixture of species within a larger geographical area? 
Many approaches are possible. The greatest total biomass4 of 
species of plants or animals within a given region could be the 
preservation goal. A community of individual animals from five 
species weighing one hundred tons would then be saved in prefer-
ence to a community comprising one hundred species weighing five 
tons. The biomass criterion is logical for organisms such as phyto-
plankton which are important in the energy balance of the grand 
ecosystem.5 
There are many potential factors inherent in allocating society's 
limited species preservation resources. This paper examines these 
factors to determine informed ways to plan serious species conserva-
tion programs. 
ENDANGERMENT 
The first step in establishing priorities for species preservation is 
to determine which species demand special protection. Federal leg-
islation has addressed this problem.8 In several instances, Congress 
S "Species diversity" of a mix of different animals or plants is the amount of variety or 
multiformity offered. 
• "Biomass" is the total weight of a species. 
• The "grand ecosystem" is the total natural environment of the world. The metabolism 
of phytoplankton is a key link in the chain of converting the sun's energy and atmospheric 
carbon dioxide into available energy for higher parts ofthe food chain and therefore is crucial 
in the total energy balance of the grand ecosystem. 
• For a thorough discussion of federal animal protection legislation see: Comment, 
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has enacted legislation designed to protect a particular species.7 But 
the major federal effort has been a series of statutes which establish 
criteria for identification of endangered species. The Endangered 
Species Protection Act of 19738 authorizes the Secretary of the Inte-
rior to supplement the list of "endangered species"· and to compile 
a list of "threatened species. "10 A species is "endangered" if it is "in 
danger of extinction throughout all or a significant portion of its 
range .... "11 A species is "threatened" if it is "likely to become an 
endangered species within the foreseeable future throughout all or 
a significant portion of its range."12 If the Secretary finds that a 
species is "endangered" or "threatened," he is authorized to acquire 
land necessary to conserve the particular species,13 and to issue any 
regulation "necessary and advisable to provide for the conservation 
of such species."14 
The statute sets out no specific criteria to guide the definitions 
for "endangered" and "threatened." The 1973 Act sets forth only 
the requirements that the Secretary make his decision on "the basis 
of the best scientific and commercial data available," and that he 
consult "as appropriate with ... affected States, interested per-
sons and organizations . . . interested Federal agencies, and . . . 
with [other] ... countries."ls These requirements do not consti-
tute definite criteria for determining whether a species is 
"endangered" or "threatened."18 The absence of criteria could cause 
Endangered Species Protection: A History of Congl'essional Action, 4 ENV. An. 255 (1975) 
[hereinafter cited as Endangered Species]. For a discussion of earlier statutes see: Comment, 
Vanishing Wildlife and Federal Protective Efforts, 1 ECOLOGY L. Q. 520 (1971). 
7 See, e.g., 16 U.S.C. § 668 (1970) (bald eagles and golden eagles); id. §§ 1151-87 (fur seals 
and sea otters); id. §§ 701-18 (game and wild birds). 
• Endangered Species Act of 1973,16 U.S.C. §§ 1531 et seq. (Supp. v 1975). For a thorough 
discussion of this Act see Endangered Species, supra note 6, at 268-84. 
• The list was initiated pursuant to the Endangered Species Preservation Act (1966); and 
the Endangered Species Conservation Act of 1969, Pub. L. No. 91-135, 83 Stat. 275 (1969). 
These acts were superseded by the Endangered Species Act of 1973, except for § 4 of the 1966 
Act which established the National Wildlife Refuge System. For a discussion of the 1966 Act 
see Endangered Species, supra note 6, at 258-62; for a discussion of the 1969 Act see id. at 
262-68. 
'0 Endangered Species Act of 1973, 16 U.S.C. § 1533 (Supp. v 1975). 
II [d. § 1532(4). 
12 [d. § 1532(15). 
,3 [d. § 1534. 
" [d. § 1533(d). 
15 [d. § 1533(b). 
" See U.S. DEP'T OF THE INTERIOR, FISH AND WILDLIFE SERVICE, THREATENED WILDLIFE OF 
THE U.S. v (1973) [hereinafter cited as THREATENED WILDLIFE] (official list of endangered 
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serious inconsistencies in future species preservation decisions. 
The establishment of appropriate criteria poses a difficult prob-
lem. The numerical population of a species is not necessarily a 
reliable criterion of endangerment. For example, the spotted bat17 
is rare. But as far as is known, the spotted bat is in no danger of 
extinction; it is rare but it may have always been rare. It may 
survive indefinitely without benefit of government subsidy or con-
servationist concern. IS In contrast, many species that are not rare, 
such as the brown pelican, the sperm whale, or the Arctic peregrine 
falcon, face sufficient threats from environmental degradation that 
they may become endangered in the foreseeable future. 19 
The vulnerability of a species, however, is a key factor in deter-
mining endangerment status. Extinction is a product of natural and 
man-made forces. A recent study suggests that a species will become 
extinct naturally after 10,000 to 1,000,000 years.20 If, as predicted, 
as many as 10 percent of the approximately 1.5 million presently 
existing species are threatened with extinction within the next gen-
eration,21 then human pressures on the natural world have caused a 
revoluntionary increase in the rate of species disappearance. 
The problem of estimating the vulnerability of a species is further 
complicated because preservation efforts often begin after the fact. 
Even if external threats are terminated, the species may fail to 
recover before its extinction. For genetic reasons, species become 
more vulnerable as their numbers diminish. When the diversity of 
the species gene pool falls to low levels, survival traits yield to harm-
ful recessive genes. This may have occurred in the case of the 
whooping crane. 22 A related danger is that hybridization23 with re-
lated taxa24 may increase as populations become smaller and 
hybrid-suppression mechanisms associated with large populations 
diminish. 25 This is increasingly evident in the red wolf28 which pres-
species which is sometimes referred to as the Red Book) for a statement that there are no 
criteria for the determination of whether a species is endangered. 
17 Euderma maculatum (J.A. Allen). 
" THREATENED WILDLIFE, supra note 16, at 215. 
" [d. at V. 
2. Taylor, Summary of North American Blancan Non-Marine Mollusks, 4 MALACOLOGIA 1 
(1966). 
21 U.S. COUNCIL ON ENVIRONMENTAL QUALITY, (CEQ) THE SIXTH ANNUAL REpORT 408 (1975). 
22 For a description of the whooping crane problem see THREATENED WILDLIFE, supra note 
16, at 138. 
23 The interbreeding of two distinct species . 
.. Categories of plants or animals, such as family, genus, species, variety. 
25 Hybirds occurring as exceptions in a large population often suffer discrimination, 
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ently hybridizes readily with coyotes. 27 
Also undefined in the statutory definitions of "endangered" and 
"threatened" species is the phrase "significant portion of its 
range."28 The maintenance of sufficient range is a pre-condition for 
the preservation of the critical habitat of a species. 2V Continuing 
research is being conducted for the purpose of defining range in 
terms of survival. 30 In addition to this technical question, other more 
"political" questions arise. Should the federal government attempt 
to preseve "significant portions" within the territory of the United 
States regardless of global species abundance?31 Should a particular 
state government attempt to protect species faced with endanger-
ment only within the state? At present most state laws specify a 
criterion of endangerment for habitats within the state, whereas 
other states provide a separate category for species that are endan-
gered only as to their intra-state ranges.32 Federal law implies a 
national and global criterion for endangerment.33 
SPECIES AND TAXONOMY 
Once a definition of endangered species is established, it must 
then be determined whether to focus on species as the taxonomic 
level. 34 Other categories in the descending hierarchy of biological 
classification-subspecies, varieties, and forms-might be worthy of 
preservation. The Linnean system35 used in standard taxonomies 
especially in breeding, because of different response patterns or timing. If populations of the 
pure species become smaller, hybirds can take increasing advantage of scarcity of mates to 
bypass such "suppression mechanisms." 
21 Camis rufus (Audubon and Bachman). 
27 THREATENED WILDLIFE, supra note 16, at 241. 
2M "Endangered species" is defined in the Endangered Species Act of 1973, 16 U.S.C. § 
1532(4) (Supp. V. 1975). "Threatened species" is defined at id. § 1532(15). 
2. 40 Fed. Reg. 17764-65 (1975). 
30 Id. at 21499-500. 
31 See, for example, Hearings on the Endangered Species Conservation Act of 1972 before 
the Subcomm. on the Environment of the Senate Comm. on Commerce, 92d Cong., 2d Sess. 
233-35 (1972) (remarks by Thomas Garrett). For a discussion of international species preser-
vation law see: von Holstein, Protection of Animals by Means of International Law, 18 INT. 
& COMPo L.Q. 771 (1969); Convention in International Trade in Endangered Wild Fauna and 
Flora, 3 E.L.R. 1350 (1973). 
32 See Miller, Threatened Freshwater Fishes of the United States, 1972 TRANSACTIONS OF 
THE AM. FISHERIES Soc. 239. 
33 16 U.S.C. § 1531(a)(1-4) (Supp. V 1975) . 
.. Most examples of species classification problems given in this section and below are 
based upon discussions with Fish and Wildlife Service staff, especially with Dr. Marc Imlay. 
.. The binomial system of scientific nomenclature for plants and animals, the first widely 
adopted form of which was introduced by Linnaeus (1707-1778). 
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generally tends toward using reproductive compatibility to distin-
guish genera38 from species and to distinguish between species. If a 
species is defined as a group of individuals that interbreed, then 
using this unit of individuals as a preservation goal is logical. But 
this goal is not always well defined. If "subspecies" A can reproduce 
with "subspecies" B but not with "subspecies" C, whereas B can 
reproduce with C, then there are reasonable grounds for disagree-
ment as to whether these are three "species" or three "subspecies." 
This situation occurs in its most interesting and common aspect 
when the A and C "subspecies" are separated geographically. 
For example, in the world of mollusks, most biologists give one 
species name, Dysnomia torulosa (Raf.) to three geographically sep-
arate sets of populations and consider those sets of populations as 
three subspecies. But other specialists call the three sets of popula-
tions by "species" names: D. torulosa ("species A"), D. rangiana 
(Lea) ("species B"), and D. gubernaculum (Reeve) ("species C"). 
If the geographically and reproductively intermediate "species" or 
"subspecies" rangiana were destroyed, then most biologists would 
probably regard the other two as separate species. 
The Florida tree snail37 is an example of a "species" that may be 
four species: three drab-colored species that are on the endangered 
list, and one highly-colored species that is not endangered. But 
within this last highly-colored species there are some endangered 
and some nonendangered subspecies, and among the nonendan-
gered subspecies, there are endangered (and exotically beautiful) 
color forms. These forms involve genetically only a single allele38 
and therefore were not protected under the 1966 Act. Fortunately 
for the endangered subspecies, the 1973 Act recognizes that lower 
taxonomic levels may be endangered. The Act protects species and 
"smaller taxa in common spatial arrangement that interbreed when 
mature."3B Another complication must also be considered. Man is 
not all-powerful. Even if tree snail color forms are protected by law, 
periodic hurricanes may disturb the local gene pool and modify the 
snail color forms into new configurations. 
Members of the public might be surprised by species-oriented 
.. "Genus" (plural "genera") is the next highest taxonomic level above "species." 
37 Liguus fasciatus (Mueller) . 
.. An alternative form of the same gene in a given species . 
.. 16 U.S.C. § 1532(11) (Supp. V 1975). 
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conservation choices of a biologist. Morphology40 does not necessar-
ily determine taxonomic status. Classification into the various lev-
els of the taxonomic hierarchy (family, genus, species, etc.) depends 
on factors other than appearance or physical structure. A naive 
observer might conclude from outward appearance that two animals 
differ significantly, yet because of close internal similarities, biology 
would include them in the same species. The average person viewing 
specimens from two distinct genera might think them quite similar, 
on the basis of appearance, yet the specimens might possess distinct 
microscopic differences, such as different chromosome numbers. 
Illustrations are common among flora, which often develop 
conspicuous adaptations to particular environments, adaptations 
that cross lines of genus and even family. In certain Mediterranean 
climates a growth configuration involving whorls of needlelike 
leaves is common, resulting in close resemblance between some 
heaths (e.g., Eriogonum fasciculatum Benth.), and some kinds of 
sagebrush (e.g., Artiemisia californica Less.). A botanist faced with 
a preservation decision in that context might elect, other things 
being equal, to save examples of both genera, on taxonomically-
oriented criterion. But the naive observer might make a "mistake" 
by electing to preserve the two morphologically different species of 
heath at the expense of the representative of the sagebrush genus. 
The 1973 Act reflects one such facet of the morphology problem by 
permitting enforcement personnel to treat any species as if it were 
endangered if it closely resembles in appearance a species that is 
actuallyendangered. 41 
Therefore, a "species," as commonly defined in biological classifi-
cation systems, may be an ambiguous category not corresponding 
to common sense attitudes. Consequently, the concept of "species" 
may be inadequate as a complete basis for public policy in preserva-
tion activities. 
RECOVERY COSTS AND BENEFITS 
Funds available for the recovery of endangered species are subject 
to the budget uncertainties associated with public expenditures. A 
preservation agency has a capital allocation problem: it must decide 
how to divide its money among various worthy projects. If the allo-
'0 Morphology is the branch of biology which deals with the form and structure of organ· 
isms. 
" 16 U.S.C. § 1533(e) (Supp. v 1975). 
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cation problem is to be solved, a list of endangered species must be 
prepared, and then the recovery cost for each species listed must be 
estimated. 
The total recovery costs include several components that may be 
difficult to calculate. According to the 1973 Act, three major causes 
of endangerment are: destruction or modification of habitat or 
range; overutilization for commercial, sporting, scientific, or educa-
tional purposes; and disease or predation.42 Historically, the first 
thrust of the endangered species law was to prevent overutilization 
by regulating commerce in skins and other commercial products 
obtained from endangered species.43 Effective regulation of products 
derived from endangered sources requires expenditures for increased 
personnel, for customs, and for wildlife management agencies. Also, 
segments of the economy that have been trading in animal products 
suffer losses. 44 Theoretically, resources used in those animal product 
industries that are affected by endangered species laws could be 
reapplied to other areas of the economy, but in practice these re-
sources are "sticky" and, hence, unavailable.45 Species preservation 
laws cause business losses to the endangered animal product indus-
try and, therefore, to the Gross National Product. If these indirect 
economic or regulatory recovery costs are not compensated by the 
agency making the preservation decision, they are, according to the 
idiom of cost-benefit analysis, called "disbenefits" rather than 
"costS."48 The problem is familiar; manipulating the economy is not 
cost free. 
A different kind of recovery cost is incurred in preventing habitat 
destruction. Land that is not reserved for species habitat can be 
used for human purposes. Therefore the preservation of species con-
flicts with competing demands of society. To preserve habitat that 
would be converted to some agricultural or industrial use under the 
forces of the market system, a government or private agency may 
., [d. § 1533(a)(1) . 
.. See Hearings on Endangered Species before the Senate Subcomm. on Energy, Natural 
Resources, and the Environment of the Senate Comm. on Commerce, 91st Cong., 1st Sess. 
(1969) . 
.. [d. at 151 (testimony of Eugene Dreisin) . 
.. See, for example, R. LIPSEY & P. STEINER, ECONOMICS, ch. 11 (4th ed. 1975) . 
.. "Disbenefits" are costs not paid by the investor and therefore subtracted from returns 
of a project, rather than added to the total investment. For a discussion of such costs in an 
environmental context see W. RAMSAY & C. ANDERSON, MANAGING THE ENVIRONMENT: AN 
ECONOMIC PRIMER, ch. 5 (1972). 
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have to purchase land or otherwise regulate its useY In theory, the 
price of land represents its value as a resource for all alternative 
uses, discounted to the present. But in practice, land prices may 
measure the competitive value of the land for a private use such as 
housing, without adequate measurement of competing public uses 
such as recreational boating and water skiing. 48 Determination of 
the value of land as habitat for an endangered species presents even 
greater complexities. The word "habitat" includes a concept larger 
than land or water area. According to a recent official definition, 
habitat includes "topography, physiography, flora, fauna, climate, 
human activity, and the quality and chemical content of soil, water, 
and air."49 It is therefore a difficult task to define a "critical habi-
tat" for a particular species. The Fish and Wildlife Service is ana-
lyzing data on critical habitats for several important species50 and 
may produce guidelines for estimating recovery costs. Even if clari-
fied by guidelines, habitat preservation considered in detail pre-
sents a complex recovery cost problem. 
Endangerment caused by disease and predation demands a differ-
ent cost analysis. The cost of supplying medical aid to animal 
populations will vary according to the situation, but standardized 
technology is available for wildlife veterinary campaigns. Substan-
tial experience has been acquired in controlling predator popula-
tions, but if cost patterns are well understood, "benefits" (negative 
and positive) are not. Elimination of predators constitutes tamper-
ing with the ecosystem. The possible consequences of such interfer-
ence with nature may be complex, for predators can aid some spec-
ies and injure others. For example, man as hunter may benefit deer 
through population management, but may threaten some endan-
gered species such as the grizzly bear. 
Recovery costs are necessarily uncertain, since species preserva-
tion is both an art and a science. The preservationist might be more 
confident of preserving species "A" rather than species "B" on a 
similar preservation budget. Such probabilities must be considered 
in the preservation decision. Reversibility is another aspect of un-
certainty. Many species cannot be saved if the populations fall 
below a critical number or if other environmental factors exceed 
" The Endangered Species Act of 1973 authorizes land purchases for conservation of habi-
tat. 16 u.s.c. § 1534 (Supp. V 1975) . 
.. RAMSAY, supra note 46, at 107 . 
.. 40 Fed. Reg. 21499-500 (1975). 
50 Id. at 17764-65. 
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certain limits; that is, if a critical "point of irreversibility" is 
reached. The location of the critical point varies among the species 
depending upon such aspects as genetic vulnerability, area charac-
teristics, and the nature of competing species.51 
Notwithstanding such complications, a cost function representing 
the recovery cost for a species is useful. Recovery cost depends upon 
time, geography, political factors, and parameters describing the 
habitat and population of the species. The establishment of the cost 
concept allows consideration and comparison of recovery strategies 
and theoretical possibilities for the evaluation of recovery benefits. 
THREE SPECIES RECOVERY STRATEGIES 
Estimation of recovery costs for each individual species and for 
all species combined are major recovery strategy considerations. 
Such estimates provide the information required for one side of the 
cost-benefit scale. To determine the corresponding benefits ex-
pected from the estimated costs, the structure of the preservation 
program must be defined. Three recovery strategies will be dis-
cussed in this article: ecounit preservation, diversity of species, and 
priority systems. 
Ecounit Preservation 
An ecounit is a relatively self-contained ecosystem existing within 
the larger environment. Ecounit preservation requires a combina-
tion recovery plan which focuses on a specific geographical region. 
Conservationists would attempt to preserve all plants and animals 
within the ecounit from destruction by all forces, man-made or nat-
ura1.52 Ecounit preservation is an unavoidable companion of any 
other strategy, 53 for species cannot be saved in a vacuum. 
The most significant advantage of the ecounit preservation strat-
egy is the long-term saving through certain external economics: if 
51 Alice in Eco-Land, 241 NATURE 157 (Jan. 1973). "Species" such as wild horses and burros 
may be infinitely reversible since their populations could be reconstructed from domestic 
stocks. 
" See, for example, Sullivan & Shaffer, Biogeography of the Megazoo, 189 SCIENCE 13 (July 
4, 1975) . 
•• Ecounit preservation is dissimilar to the diversity of species strategy, discussed in the 
text at notes 54-55, infra, because many species communities possess significant value not-
withstanding the lack of diversity or distinction in the species within the ecounit. Similarly, 
the diversity strategy may demand the preservation of species within a given family or order 
irrespective of their ecological relationship to other flora and fauna in the local community. 
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there are several intra-ecounit endangered species, preservation of 
one ecounit would aid each of the species. Since habitat destruction 
is a major threat to species, the preservation of an ecounit can be a 
sound investment. However, high short-term costs can discourage 
the use of ecounit preservation. Expenditures can reach impressive 
levels, as in the recent purchase of two large ranches for $1.5 million 
by the Defenders of Wildlife intending to preserve a habitat for a 
species of mountain lion. Unfortunately, it was impossible to deter-
mine before the purchase whether a significant number of mountain 
lions would actually use the expensive habitat.54 
Determining the size of the ecounit selected is also difficult. Thus, 
the chosen ecounit may be of insufficient size as has recently oc-
curred in the management of national parks in East Africa.55 The 
growth of scientific knowledge may increase the scope of what is 
presently considered to constitute a typical ecounit. 
Conservationists must also face the problem of pest species. The 
concept of pest is a human concept and could theoretically be ig-
nored in a biologically-oriented ecounit preservation strategy. But 
pest species will often be preserved by protection measures designed 
to save harmless or desirable species inhabiting the particular 
ecounit. Preservation of mosquitos is often a consequence of conser-
vation efforts in wet-lands aimed at such "desirable" species as 
ducks and ospreys. Changes in ecosystems may even produce pest 
infestations by animals not always thought of as pests. A recent 
plague of blackbirds in Kentucky and Tennessee, perhaps assem-
bled due to changes in agricultural patterns, required special federal 
and state efforts to contro1. 56 Therefore, any cost advantages in 
treating a geographical area in the ecounit preservation approach 
must be balanced against possible higher cost levels and damages 
inflicted by pest species. 
Diversity of Species 
The diversity strategy attempts to preserve a desirable mix of 
species.57 In a cost-benefit analysis, diversity of species rests upon 
the assumption that the benefits of species preservation are interde-
" Letter from Paul S. Martin, University of Arizona, to William Ramsay. 
55 Myers, National Parks in Savannah Africa, 178 SCIENCE 1255. (1972). 
" CEQ THE SEVENTH ANNUAL REPORT 97 -98 (1976). 
57 See note 53, supra, for discussion of differences between ecounit preservation and diver-
sity of species. 
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pendent. That is, the benefit of preserving one species depends in 
part upon the continued existence of a number of other species. This 
strategy may result in intuitively satisfying practical decisions. For 
example, a restricted recovery budget might reasonably be directed 
toward maintaining a diversity of species within the family of fresh-
water mussels Unionidae, where 20 percent of the species are endan-
gered, rather than for the freshwater clam Sphaeriid, where there 
is only one endangered species in the entire family. 
Diversity can be justified from a survival perspective. Since all 
species are interdependent, the loss of several species could threaten 
the entire ecosystem. Thus, diversity strategy, as applied on a global 
scale, is equivalent to the ecounit approach, with the ecounit de-
fined as the ecosystem of the entire world. 
The survival consideration can be interpreted as an effort to en-
sure the future efficiency of the evolutionary process. Species have 
different degrees of flexibility in responding to environmental fac-
tors. If a diversity of species is maintained, many species will be 
temporarily preserved that may subsequently fail to adapt to possi-
ble future changes in the ecosystem, as illustrated by the well-
publicized effects of insecticides on animal populations.58 Other 
species, capable of adjusting to future changes, will be preserved. 
For example, incipient species modification has been reported ob-
served-presumably in response to human modifications of habi-
tat-in such organisms as sunflowers, house sparrows, and fruit 
flies. 59 This adjustment can be produced by use of latent functional 
flexibility or in response to the principle of natural selection acting 
through genetic changes. Humans could adjust to the environment 
on another planet through use of complicated technological 
artifacts. Disease causing bacteria could and do produce mutant 
strains that are resistant to penicillin.60 Advance determination of 
such adjustment potential is difficult, but the preservation of di-
verse species should tend to increase ecosystem flexibility. 
Diversity of species also represents a quasi-aesthetic amenity. 
Preserving a diversity of species provides uniquely human benefits 
related to seeing, experiencing, and even merely knowing of the 
existence of a wide variety of species. Both the survival and amenity 
aspects of the diversity strategy are plausible preservation goals. 
5K R. CARSON, SILENT SPRING (Reprint 1975). 
" Opier, The Parade of Passing Species: A Survey of Extinctions in the U.S., SCIENCE 
TEACHER, Jan. 1977, at 20. 
'" Rise of Antibiotic-Resistant Bacteria, 106 SCIENCE NEWS 119 (Aug. 1974). 
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Implementation of the diversity strategy is not complex: species 
are selected to create a desirable mix and steps are taken to protect 
the selected species from predators, disease, and destruction of hab-
itat. However, the question of choosing a desirable mix is difficult: 
how is "diversity" to be defined? It is not a universal truth that a 
set of ten species is more diverse than a set of five. For example, if 
the five represent different genera and the ten are all in the same 
genus, then the set of five might be more "diverse" in some sense. 
Some efforts have been made to use definitions of "information" 
from the mathematical discipline of information theory to define 
degrees of diversity. Information in this sense is the logarithm ofthe 
ratio of actual redundance of attributes to potential redundance. HI 
Information, or in this case diversity, could be defined as a logarith-
mic function of known things compared to the possible bounds of 
ignorance. Ten species from a single genus might be considered 
more redundant than another five species, each from different gen-
era, and therefore would be logarithmically less diverse. 
Therefore serious practical problems arise in defining diversity. 
If diversity is viewed in a survival context, it might be preferable 
to encourage the survival of certain species which are potentially 
more flexible. But it is not possible to predict flexibility. Flexibility 
may involve future actions such as fitting into an unfilled ecological 
niche or adapting to changing environmental conditions. From an-
other perspective, species which excite great human interest should 
perhaps be emphasized in the diversity mix. Thus, whales may 
contribute more than flies to "diversity" as measured on a human-
oriented scale. 
Priority Systems 
The necessity of rating species is unavoidable, notwithstanding 
the desirability of either the ecounit or diversity strategy. A priority 
system for species is a requirement implied in any preservation or 
conservation budget decision process. A separate recovery strategy 
could be based on this system employing a species priority list. 
Priority systems require many value judgments. Species can be 
evaluated as they relate to the ecounit, to the grand ecosystem, or 
to a special diversity criterion. Species can also be valued according 
., See, e.g., Orloci, Information Theory Techniques for Classifying Plant Communities in 
3 STATISTICAL ECOLOGY: MANY SPECIES POPULATIONS, ECOSYSTEMS, AND SYSTEMS ANALYSIS (G. 
PatH ed. 1971), where references to other works are given. 
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to human-oriented criteria. A preference for human-oriented value 
choices could result from doubts concerning the emphasis upon sci-
entific details in the present taxonomic system, or it could reflect 
the importance of such measures as food value, beauty, or cultural 
role. 
The United States Fish and Wildlife Service has investigated the 
general priority problem and has considered possible priority sys-
tems. 62 Some of these sytems use the taxonomic hierarchy-among 
many other factors-to derive scales of value. Such a system might 
assign higher value to a species than to a sub-species, or might 
identify an only species in a genus to be given more weight than an 
ordinary species or an only species in a family to be given even 
greater weight. 
Aspects other than taxonomy would likely be included in any 
reasonable priority system. For example, in one scheme,63 points are 
awarded based upon a complex set of categories. Thus, "current 
status of population" is allotted 25 points; "vulnerability," 20 
points; and "the species" (i.e., intrinsic characteristics), 15 points. 
Each of the major categories is sub-divided; "vulnerability" in-
cludes "populaton dispersion" (6 points), and "reproductive trend" 
(2 points). The announced philosophy of this system is to evaluate 
species as if they were equally important in a system sufficiently 
flexible to cope with great differences in data availability and bio-
logical characteristics.64 
Preliminary results in limited field tests of such systems have not 
been uniformly satisfactory. In one test evaluation, the Devil's Hole 
pup fish-a well known object of preservationist concern-received 
a poor ranking, 58.0 out of 180.0 possible points.65 This intuitively 
unsatisfying result, the apparent overlapping nature of the catego-
ries considered, and the arbitrariness of the weights assigned to 
each, suggests that the system contains serious deficiencies. 
Possible defects in existing ratings should not deter development 
of future priority systems. The priority strategy can be a disturbing 
approach in that it may contradict implicit assumptions of species 
" Sparrowe, Setting Priorities for the Endangered Species Program, U.S. DEP'T OF THE 
INTERIOR, FISH AND WILDLIFE SERVICE (1972) (mimeo). 
" [d . 
.. [d. 
" Sparrowe, Evaluation of Endangered Species Priority System, MISSOURI COOPERATIVE 
WILDLIFE RESEARCH UNIT (undated) (mimeo). 
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"equality" made by some conservationists.66 The priority system 
approach assumes that some species are more worth saving than are 
others. However, this contradiction is more apparent than real, and 
if no priority system is devised, rational government policies cannot 
be formulated. The result could be a significant erosion of existing 
conservationist gains. Every species cannot be saved. But even if 
every species could be saved, the cost of preservation and the 
collateral damage resulting from the manipulation of the environ-
ment might make total preservation undesirable, and some priority 
system might still be useful. 
a) Priority Models 
A model priority system should rate each species according to the 
attitudes of human beings toward plants and animals. This rating 
could take the form of a list showing relative preferences attached 
to each species. The list could be constructed by expert panels, by 
polling of the public, or by a combination of methods. 
Certain difficulties must be faced. The species to be considered 
for the priority list are not abstractions. They are animals or plants 
existing in specific environments under particular conditions. 
Should a priority list be established for all species under presently 
existing conditions, that is, for some species which are in no imme-
diate danger? Or should all of the species be considered as if they 
were equally endangered? Or should species be considered in an 
ideal world in which none were endangered? Any of these ap-
proaches could be correct, given our relative ignorance about envi-
ronmental conditions and our lack of experience in making conser-
vation judgments. But the important point is that the assumption 
chosen should be exercised consistently for each species on the list. 
Any use of the list for conservation decisions must then take into 
account whether the priorities were set assuming equal endanger-
ment, equal nonendangerment, or present conditions. 
Species could be rated as individual entities according to some 
subjective judgments of their value. Such a simple rating system 
has obvious appeal and merits investigation. A second option is to 
rate species in terms of specific attributes related to human atti-
tudes and needs. Such a scheme should focus on human preferences 
in the larger sense. An abstract list based upon characteristics such 
.. See, for example, U.S. DEP'T OF THE INTERIOR, FISH AND WILDLIFE SERVICE, BUREAU OF 
SPORT FISHERIES AND WILDLIFE, THE RIGHT TO EXIST 12 (undated). 
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as economic value, biological importance, and cultural and esthetic 
worth can be developed. A sample list of eleven categories in arbi-
trary order, with examples, might be: 
Sample List of Priority Categories by Species Attributes 
A. Economic 
1. Commercial (haddock) 
2. Sport (deer) 
3. Pest (flea) 
B. Biological 
1. Evolutionary pioneer (Georgia spiny clam) 
2. Ecological indicator (barnacle) 
3. Essential to survival of other species (colonic bacteria) 
4. Taxonomic uniqueness (coelocanth) 
C. Cultural and Esthetic 
1. Beautiful (swan) 
2. Unusual (orangutan) 
3. Culturally significant (wild horse) 
4. Other (periwinkle) 
This sample list is not exhaustive. The categories of commercial 
and sport species represent familiar ideas. The category of pest 
species is covered in the Endangered Species Act of 1973, since 
Congress included a provision allowing nonprotection of pests. R7 
The category of evolutionary pioneer encompasses species such as 
the Georgia spiny clam (Canthyria spinosa Lea), a possible pioneer 
inhabitant of regions of shifting sand.68 Evolutionary pioneers are 
safety mechanisms for life on earth because they are able to adjust 
quickly to new environments. They could include undiscovered 
species (such as bacteria) that could adapt to high levels of radia-
tion, air pollution, or other forms of environmental degradation. 
Ecological indicators function like fever thermometers in that their 
high sensitivity to ecological change aids ecologists in planning 
" The Act exempted "species of the Class Insecta determined by the Secretary to consti-
tute a pest whose protection under the provisions of this act would present an overwhelming 
and overriding risk to man." 16 U.S.C. § 1532(4) (Supp. v 1975). 
OK Imlay, Our Rivers: Deathbeds for Endangered Mollusks, MINNESOTA VOLUNTEER, March-
April 1972, at 30. 
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species management on a large scale for the conservation of other 
species in a region or community. The category "essential to the 
survival of other species" connects this list with the concept of eco-
system or community preservation. This category name implies that 
a species essential to the community would be assigned the same 
priority listing as the highest priority species in the community. The 
example given, colonic bacteria, is possibly essential to the survival 
of the human species.89 Taxonomic uniqueness occurs when a spec-
ies is the sole extant representative of a taxonomic grouping such 
as a genus. 
The categories beautiful, unusual, and culturally significant are 
highly subjective. However, voting schemes for defining cultural 
and esthetic categories and for fixing their recovery priorities are 
likely to be possible in principle and in practice.70 
Use of a priority list requires establishment of an explicit ranking 
procedure. The rankings will depend upon the group responsible for 
assignments. Using the sample list above, a panel of biologists 
might rank species according to B4, B2, B3, Bl, C2. A fisherman 
might rank them as A2, B3, AI, B4, Cl. But the resulting lists would 
at least illustrate and document the clear conflict of priorities. 
One modest but useful function of the attribute category list 
would be as a checklist in reviewing attitudes toward relatively 
obscure species in the context of an endangerment program. Ex-
plicit consideration of attributes might aid expert panels in estimat-
ing the impact of each species on economic, biological, or cultural 
goals. 
Special difficulties arise when the list is used in its full priority 
form. Some species will have attributes corresponding to several 
categories. Admittedly, it should be possible to develop weighting 
schemes in which the characteristics of the species relating to each 
of the categories are totalled to determine a priority score. But this 
type of scheme might be excessively ambitious in the context of 
current ignorance of public attitudes toward individual species. 
Therefore the following suggestions are made. If the categories are 
used in checklist form, the species should be considered in all rele-
It Note the prominent role of the gut bacterium E. coli in genetics research. See, for 
example, Recombinant DNA: NIH Sets Strict Rules to Launch New Technology, 190 SCIENCE 
1175-79 (1975). 
7. This is similar to the highly subjective nature of food tastes, since notwithstanding 
inherent subjectivity, restaurants and groceries must determine which particular food to serve 
or to stock. 
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vant categories. If the attribute list is used in a preference-ordered, 
priority form, it is recommended that each species be assigned to 
its highest relevant attribute category in the absence of evidence 
which clearly show differences in the significance or weight of each 
category. 
Two priority list assignment methods were discussed above: (1) a 
ranking of individual species as such, and (2) a ranking of attributes 
and assignment of species to particular attribute categories. These 
two methods could be used in concert to derive "validated" values 
for a priority list. "Validated" would indicate that a set of author-
ized decision makers (perhaps the total voting public) had dictated 
the final priority list. That is, it should be possible to examine the 
results derived from the two priority lists and then to readjust the 
two lists to obtain consistency. Examination and readjustment 
could be accomplished with multiple correlation computations or 
with a comparison and reevaluation of priority assignments when 
and if the rankings under the two methods conflict.71 In theory, a 
numerical "benefit" or "utility" could even be assigned to each of 
the priority listed species, if the strength of the expert or public 
preferences could be adequately measured. Carrying out this fur-
ther step would involve comparing the value of species to other 
human values and prices, perhaps a necessary but very difficult 
problem for future economists. 
b) Applications 
A final priority list should be considered in all wildlife manage-
ment decisions. The list should be especially useful in the develop-
ment of species preservation programs. For this use, the degree of 
endangerment must be factored into the priority list-if not already 
included. In theory, an inclusion of the degree of endangerment 
introduces a very complex problem of "metaeconomics,"72 or apply-
ing human values in a controversial public affairs context. That is, 
one would have to decide how much more important an individual 
red wolf is when it is one of only 30 or 40 animals, as opposed to 
when it is one of 30,000 or 3,000,000. Such scarcity effects can be 
71 BA'ITELE PACIFIC NORTHWEST LABORATORIES, REPORT BNWL-1787, A TECHNIQUE FOR ENVI-
RONMENTAL DECISION MAKING USING QUANTIFIED SOCIAL AND ESTHETIC VALUES (undated). 
72 "Metaeconomics" is one name for the extension of economic theroy to problems beyond 
the marketplace, e.g., to ill-defined costs as the health costs of air pollution or to the conflict-
ing value judgments involved in species preservation. RAMSAY, supra note 46, at 98. 
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measured where there are economic markets, but not usually where 
no such market exists. 
In practice, however, given existing uncertainties concerning the 
endangerment process, all species could be usefully categorized into 
a maximum of three levels of endangerment. The priority list would 
then provide the decision variables for use within each level of en-
dangerment risk including the two levels used in the Endangered 
Species Act of 1973 (endangered and threatened with endanger-
ment).73 All attributes would be separately considered for the spec-
ies falling within the appropriate endangerment level. 
The recovery costs for the endangered species on the list would 
vary. A significant use of the priority list would be to compare 
preservationist priorities and costs of a recovery program. A cost-
benefit approach could then be adopted. For unlimited budgets, the 
quantity of priority divided by costs should be maximized. For the 
fixed budgets usually considered, the total amount of priority 
should be maximized for the budget allocation given. This computa-
tion might be done by "integer programming" methods. The cost 
cannot exceed a certain limit, and the "amount of priority" must 
then be maximized in finite clumps.74 The total of the "benefits" 
summed over all species considered will then be maximized, given 
that the sum of the corresponding recovery costs cannot exceed the 
budget limitations. 
The use of an attribute list to assign a formal priority or "benefit" 
to given endangered species may be impracticable. No accepted 
mechanism for democratic consensus may be available, and scien-
tific uncertainties concerning species parameters may be large. 
Thus, the attributes may often have to be restricted to checklist use 
to ensure that intuitive notions of species value are consistent with 
the planned recovery budgets. 
A priority list would be helpful in the preparation of an environ-
mental impact statement required by the National Environmental 
Policy Act of 1969,75 and in a determination made pursuant to the 
73 16 U.S.C. § 1533 (Supp. v 1975). 
,. See, for example, RAMSAY, supra note 46, at 147. 
75 The National Environmental Policy Act of 1969,42 U.S.C. §§ 4321 et seq. (1970). NEPA 
requires an Environmental Impact Statement for every major federal action significantly 
affecting the quality of the human environment. [d. § 4332(2)(c). Major federal actions which 
endanger species appear to be within the definition of a significant impact on the human 
environment. See, e.g., Sierra Club v. Froehlke, 534 F.2d 1289 (8th Cir. 1976) (holding that 
the Environmental Impact Statement gave adequate consideration to the endangered Indiana 
Bat, Myotis sodalis). See U.S. NUCLEAR REGULATORY COMMISSION, PREPARATION OF ENVIRON-
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Endangered Species Act of 197376 when a particular project 
threatens a species or its habitat. In this situation, the priority list 
would have to be prepared in the context of local conditions and 
evaluations. This is especially important in projects such as dams 
which are capable of eliminating the population of an endangered 
species in a restricted habitat. A priority list ranking an endangered 
spiny clam and an endangered bass might be valuable in choosing 
between a hydroelectric project (beneficial to bass and harmful to 
clams) and a nuclear plant (beneficial to clams and harmful to 
bass).77 
COMPARISON OF ECOUNIT, DIVERSITY, AND PRIORITY ApPROACHES 
For unrestricted recovery budgets, the three recovery strategies 
would lead to substantially equal results. Even for limited budgets, 
the strategies would be substantially equivalent in a relatively hom-
ogeneous world. If species and habitats were distributed uniformly, 
preserving species in one particular geographical region (as in the 
ecounit strategy), preserving a mix of species (the diversity 
method), or devising an ordered ranking of species to be preserved 
(the priority method) would yield similar results. 
With the existing geographical and environmental variations, the 
results may differ markedly. The priority and diversity approaches 
will produce similar results only if the priority system places high 
value upon diversity. The ecounit approach is similar to the diver-
sity approach only if the typical ecounits chosen for preservation are 
those that contain diverse species. This combination may be rare, 
MENTAL REPORTS FOR NUCLEAR POWER STATIONS 4.2-7 (Regulatory Guide 4.2, Revision 1,1975) 
and Ramsay, Economic and Environmental Costs in Screening Power Plant Sites, ENVT'L SCI. 
& TECH. 238-43 (March, 1977). 
7. Endangered Species Act of 1973, 16 U.S.C. § 1536 (1974) states in part that: 
Federal departments and agencies shall, in consultation with and with the assistance of 
the Secretary . . . by taking such action necessary to insure that actions authorized, 
funded, or carried out by them do not jeopardize the continued existence of such endan-
gered species and threatened species or resuJ:t in the destruction or modification of habitat 
of such species which is determined by the Secretary, after consultation as appropriate 
with the affected states, to be critical. 
For a thorough analysis of Section 7 of the Act, see Note, Obligations of Federal Agencies 
under Section 7 of the Endangered Species Act of 1973, 28 STAN. L. REv. 1247 (1976). 
77 Hydroelectric projects replace rivers with lakes. Some clams living in streambed habitats 
cannot survive on the bottoms of lakes, while some bass thrive in reservoir environments. 
Nuclear plants add heated water to the water body, which can discourage reproduction of 
striped bass, for example, but can encourage the growth of other organisms, like some types 
of clams. See note 68, supra, and U.S. ATOMIC ENERGY COMM'N, THERMAL EFFLUENTS AND U.S. 
NUCLEAR STATIONS WASH 1169 (1971). 
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especially for ecounits in harsh environments. The ecounit approach 
can differ from the priority approach, particularly if the priority 
system concentrates on a wide-ranging species, or a species involved 
in complicated migratory or other special life-cycle patterns.7K 
These considerations complicate the development of a theory of 
metaeconomics relying on generally accepted human value sys-
tems, which could inform a choice between these preservation strat-
egies. But future practical tests of such strategies will provide op-
portunities for evaluation and comparison. Such concrete compari-
sons should take into account both preservation results ("costs") 
and public satisfaction with the results ("benefits"). 
The choice of a recovery strategy will be dictated in practice by 
the methods available and authority exercised by the implementing 
agency. An agency not having land use powers but having powers 
of regulation over the taking of wildlife in a small area should find 
a priority approach most appropriate. An agency regulating regional 
or local land use might appropriately consider the ecounit strategy. 
Another agency-with rather wide-ranging powers-might rely 
upon the diversity strategy. Sollie entities may find a combination 
of strategies useful. The Fish and Wildlife Service has shown inter-
est in species priority lists and in the preservation of "critical habi-
tats," an approach that contains elements of the ecounit strategy. 79 
CONCLUSION 
Decisions concerning species endangerment are becoming more 
frequent and more significant.so Decision makers must have devices 
to compare and assess the value of species with the value of projects 
which endanger species viability and habitat. An explicit move to-
ward consensus on priorities in species preservation is a desirable 
step. Gaining such a consensus has been handicapped by a lack of 
logical systems to consider values of species. An investigation of 
overall goals or "strategies" is one worthwhile step. Another step, 
the development of priority lists for preservation decisions, favors 
an analysis of attributes of species from the point of view of human 
values. 
" See note 72, supra. 
" See discussion of critical habitats for the Mississippi sandhill crane, 40 Fed. Reg. 40521-
22 (1975) . 
.. See Hill v. Tennessee Valley Auth'y, No. 76-216 (6th Cir. Jan. 31, 1977) and Washington 
Post, Feb. 11, 1977, at 1, col. 2. 
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One might ask whether we have the right to make such decisions. 
The anthropocentric assumption here is that evaluation of other 
species can be made from a privileged position at the pinnacle of 
evolution. If man is eventually replaced by other species, such as 
radiation-adapted bacteria, horseshoe crabs, or cockroaches, HI this 
assumption may turn out to be short-sighted. In the interim, ir-
respective of whether humans have the moral right to judge other 
species, individuals and governments must make difficult practical 
decisions concerning preservation of species in an increasingly ur-
banized environment. The significant species preservation decisions 
must be made carefully, with as much forethought and rationality 
as possible. 
HI See RAMSAY, supra note 46, at 125-26. 
